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Abstract 
This paper reports the first recorded presence of a non-native protobranch bivalve, 
Yoldia limatula (American file clam), in the United Kingdom. In November 2020, 
it was found to be present in already high numbers (257 individuals recorded) in 
subtidal sediments in the estuarine zone of the Tees River, Northeast England. This 
record is far outside the species’ native range of North America. The species has 
recently also been found on the continental margin of Northwest Europe. It is likely 
to have been introduced into the UK via marine traffic, with larval displacement 
through ballast water exchange thought the most likely route of entry. The bioturbating 
activities of the species in its native range are discussed, which might have 
significant ecosystem implications if the species were to become fully established 
in UK waters. An identification guide to separate this species from similar species 
of protobranch bivalves in the UK is included. 
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Introduction 

In recent years there has been a marked increase in the number of non-
indigenous marine bivalves discovered in the United Kingdom (UK), many 
transported via pathways linked to human activities (Roy et al. 2018). The 
Marine Bivalve Shells of the British Isles website (Oliver et al. 2016) 
currently lists 31 non-indigenous species (NIS) that have been found in the 
British Isles, out of a total of almost 400 listed species. Some of these are 
thought to have been washed ashore attached to marine debris (Holmes et 
al. 2015), some having escaped from aquaculture (Guy and Roberts 2010) 
and others having arrived via unknown or unproven pathways. A small 
number have established breeding populations in the UK, mostly in or 
nearby large ports; examples are the Asian date mussel Arcuatula senhousia 
(W.H. Benson, 1842) (Barfield et al. 2018); the Asian Semele, Theora 
lubrica Gould, 1861 (Worsfold et al. 2020); and the American jackknife 
clam Ensis leei M. Huber, 2015, which has become particularly abundant in 
large swathes of UK waters where they can establish very dense populations 
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and disrupt community functioning (Gollasch et al. 2015). Ports are often 
NIS hotspots, as organisms with suitable life-histories can exploit ship-
borne transport and spread by vessel traffic (Seebens et al. 2016; Fernández-
Rodríguez et al. 2022). With so many introductions concentrated in ports 
(Kakkonen et al. 2019; Pezy et al. 2021), regular monitoring is needed to 
fulfil the requirements of national and regional conventions and legislation 
(Lehtiniemi et al. 2015). Regular monitoring programmes in high-risk 
areas [e.g. HELCOM monitoring programme in Baltic (Backer et al. 2010) 
and DFO in Canadian (DFO Fisheries and Oceans Canada 2013) ports] 
can be supplemented by citizen sciences (Lehtiniemi et al. 2020) or 
partnerships with industry (Ma et al. 2016), but can also be augmented 
by incorporating the results of Environmental Impact Assessments 
(EIAs) particularly in those high-risk ports (e.g., Worsfold et al. 2020). 

The Tees Estuary (54.63°N; 1.15°W) is a narrow tidal estuary in Yorkshire 
in the northeast of England, UK (Figure 1) which opens into the North Sea, 
and since 2019 has been designated a Site of Special Scientific Interest 
(Teesmouth and Cleveland Coast SSSI) for the presence of populations of 
wading birds and harbour seals (Natural England 2019). The southern 
bank of the river has historically been developed into the commercial port 
known as Teesport, which is one of the busiest ports in the UK (Tidbury et 
al. 2016). A recent EIA conducted prior to development of the south 
quayside (Page et al. 2021) resulted in the discovery of the American file 
clam Yoldia limatula (Say, 1831) at numerous locations in the subtidal 
sediments of the estuary during the subtidal macrofauna survey. 

This record represents the first confirmed observations of Y. limatula in 
the United Kingdom. In North America, this species’ range extends from 
the Gulf of St. Lawrence to North Carolina on the Atlantic coast (Johnson 
1934) and on the Pacific coast from the Arctic Ocean to San Diego, 
California (Dall 1921) in sheltered or semi-enclosed water bodies (Bender 
and Davis 1984). Yoldia limatula has recently been found in continental 
Europe in the Netherlands (de Kisangani and Kerckhof 2020; J. Craeymeersch 
pers. comm.), Belgium and France (Dauvin et al. 2022) but in low numbers. 
To date, this species represents the only protobranch bivalve to be 
considered a NIS (Dauvin et al. 2022). While other genera from the family 
Yoldiidae are native to the UK, most are restricted to deep water. 
Therefore, this record represents the first confirmed species of Yoldia in 
the UK. The aim of this paper is to describe the individuals found in the 
Tees Estuary, to discuss the likely pathway of introduction, and to draw 
attention to the bioturbating activities and possible ecosystem effects were 
the species to become widely established. 

Materials and methods 

Sample collection 

As part of the EIA process for the licensing of a new quay in Teesside, a 
targeted benthic survey was conducted to provide a current baseline of the 
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Figure 1. Map of the survey site within the Tees Estuary and sampling locations where Yoldia 
limatula was detected. 

benthic invertebrate species and assemblages of the area (Page et al. 2021). 
Nineteen benthic grab samples were sampled from subtidal sediments 
within the estuary between 12th and 19th of November 2020 (Figure 1). The 
stations were located within the central channel of the Tees Estuary, across 
a depth range of 3.4 to 10.3 metres (Supplementary material Table S1). 

At each sampling station, benthic grab samples were obtained using a 
0.1 m2 Day grab operated from a survey vessel. One macrofaunal and one 
Particle Size Analysis (PSA) sample were taken at each station. The sediments 
for macrofaunal assessment were washed over a 0.5 mm mesh sieve onboard 
and fixed in 10% buffered formal saline solution. 
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Table 1. Size and estimated age classes of Yoldia limatula found in the Tees Estuary, 
November 2020, where age was estimated based on age-length relationships in Lewis et al. (1982). 

Size (mm) Estimated age (year) Number 
> 38.7 > 4 1 

33.8–35.2 3 2 
26.7–28.0 2 1 
13.8–17.7 1 2 
3.0–10.5 < 1 11 

< 3.0 Juvenile 240 

Macrofaunal analysis 

All macrofauna species were identified to the lowest practicable taxonomic 
level, in line with the Northeast Atlantic Marine Biological Analytical 
Quality Control scheme Taxonomic Discrimination Protocol (Worsfold et al. 
2010). Identification of Yoldia limatula was made following the description 
in Drew (1899). Five randomly selected individuals from among a 
growth series (2–38.7 mm) were selected from stations GS_03 and GS_24 
for detailed morphological examination. All collected shells (257 individuals) 
were measured along the long axis of the shell using digital vernier calipers 
and sorted into size classes. 

PSA analysis 

Sediment samples for PSA were analysed using a 1.0 mm mesh sieve 
followed by laser diffraction analysis of finer material following the 
NMBAQC guidance (Mason 2022). Sieve and laser data were merged and 
inputted into the computer program GRADISTAT, used for the analysis of 
grain size statistics (Blott 2010), which provided sediment descriptions 
based on the Wentworth (1922) scale and British Geological Survey 
modified Folk classification (Long 2006). 

Results 

In all but one of the sampling stations visited during the benthic survey in 
the Tees Estuary (18 out of 19) the American file clam Yoldia limatula were 
detected. These stations were distributed over most of the inner harbour 
channel, up to 3 km apart (Figure 1, Table 2). In total, 257 individuals of 
various life stages were detected: 17 adult clams, and 240 juveniles (see 
Table S1). All individuals were collected as live specimens. 

The benthic habitat of those 18 stations was dominated by annelids 
(> 95% of all individuals recorded) with a high number of oligochaetes and 
cirratulids such as Chaetozone gibber, Tharyx sp. and Chaetozone vivipara 
(Page et al. 2021). The overall habitat was defined under the JNCC Marine 
Habitat Classification (Connor et al. 2004) as: Melinna palmata with 
Magelona spp. and Thyasira spp. in infralittoral sandy mud (SS.SMu.ISaMu. 
MelMagThy) (Connor et al. 2004) [(A5.334 under the EUNIS classification)], 
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Table 2. Comparison of morphological features of Yoldia limatula with similar looking protobranch species recorded in UK 
waters, and the Arctic species Yoldia hyperborea. 

Adult specimens Yoldia limatula Yoldia hyperborea Nuculana pernula Nuculana minuta 
Shell outline Elongate elliptical, posterior 

subrostrate 
Elongate elliptical, 
posterior subrostrate 

Elongate elliptical, 
posterior rostrate 

Elongate elliptical, 
posterior rostrate 

Sculpture Smooth, with fine 
commarginal lines 

Smooth, with fine 
commarginal lines 

Fine raised 
commarginal ridges 

Prominent raised 
commarginal ridges 

Position of umbo Slightly anterior to the midline Behind the midline Anterior to the midline Anterior to the midline 
Rostrum Subrostrate Subrostrate Elongate Elongate, pronounced 
Posterodorsal 
margin 

Weakly convex, compressed 
area demarcated by shallow 
furrow extending to end of the 
rostrum 

Weakly convex, 
shallow furrow 
extending across half 
the length 

Weakly convex, 
demarcated by a straight 
raised ridge the length 
of the rostrum 

Weakly concave, 
demarcated by a curved 
raised ridge the length of 
the rostrum 

Shell length 40–50 mm 40–50 mm Up to 30 mm Up to 20 mm 
Depth range 6–490 m 5–677 m 9–900 m 9–183 m 

Geographic range North America, North Sea Subarctic Northern UK, Faroes, 
Norway 

British coasts, mainly 
northern, excluding the 
western English Channel 
and Bristol Channel 

Information on size and distribution was compiled from records in Ockelmann (1954), Marine Species Identification Portal 
(de Kluijver et al. 2022) and the Marine Bivalve Shells of the British Isles website (Oliver et al. 2016). 

typical of an organically enriched estuarine environment (Page et al. 2021). 
Sediments were classified as either mud, sandy mud, or gravelly mud with 
percentages of up to 62.2% sand and up to 86.2% fines (Table S1). 

Main features of Yoldia limatula 

Yoldia limatula (Say, 1831) 

Material examined: 1 large individual from Stn. GS_24 (Figure 2); 4 small 
individuals from Stn. GS_03 (Figures 3, 4). 

Description of adult (Figure 2) 

Shell thin, solid; equivalve; subequilateral, beaks just in front of midline; 
compressed; elongate elliptical, posterior subrostrate; anterodorsal margin 
convex, frequently with high shoulder; anterior broadly rounded; posterodorsal 
margin slightly convex, sloping with pronounced inflection midway; margins 
compressed and delimited by shallow furrow to end of rostrum; rostrum 
broad, pointed; ventral margin broad, gently curved; sculpture consisting 
of very fine commarginal lines; periostracum thin, glossy, olive-green to 
greenish brown; inner margin smooth; ligament internal, on triangular 
resilifer below the beaks; hinge taxodont, with up to 26 teeth in anterior and 
23 in posterior. Central teeth thin, erect, distal teeth laterally expanded. 

Description of juveniles (Figure 3) 

Shell thin, solid; equivalve; slightly subequilateral; beaks opisthogyrate, just 
behind the midline; moderately inflated; elliptical, posterior subrostrate; 
anterodorsal margin evenly convex; anterior broadly rounded; posterodorsal 
margin straight or convex; rostrum truncate; ventral margin broad, gently 
curved; sculpture of very fine commarginal lines; periostracum thin, 
transparent, glossy. 
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Figure 2. Adult Yoldia limatula sampled at station GS_24. Length: 34.9 mm. Left: exterior view of right valve (with damaged 
ventral margin) (top) and interior view of left valve (below). Right: exterior view of left valve (top) and soft parts of animal illustrated 
(below). Photograph by P. Barry. 

 
Figure 3. Juvenile Yoldia limatula: view of right valves sampled at station GS_03. Length of 
both individuals: 2.6 mm. Photograph by P. Barry. 

Remarks: the single gut loop is visible through the shell on younger 
shells but is obscured in older shells with thicker valves and cannot be used 
as a diagnostic feature. 

Estimated ages of individuals 

Using the age-length relationship reported for Yoldia limatula (Lewis et al. 
1982), age classes were inferred from shell length measurements of 
individuals over 3 mm, from the Tees Estuary (Table 1). Since Lewis et al. 
(1982) used discontinuous size classes (see Table 1), only recorded individuals 
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Figure 4. Growth series of immature (< 1 year old) Yoldia limatula from station GS_03 
showing the right valve of each, with the single gut loop visible. Top specimen length: 8.0 mm; 
middle specimen length: 7.6 mm; bottom two individuals both 2.6 mm. Photograph by P. Barry. 

within the ranges given for each year were included. Specimens below 3 mm 
were classed as “Juvenile”. We acknowledge there might be differences in 
growth rates between our samples and the Canadian specimens studied by 
Lewis et al. (1982), owing to differences in seasonal temperature and variations 
in diet, hence these figures are intended as a proxy for probable ages of the 
individuals only. 

Discussion 

This paper documents the first occurrence, and possibly a viable population, 
of the bivalve Yoldia limatula in the UK. No less than 257 individuals were 
found across 18 locations sampled by benthic grab, within the shipping 
zone of the Teesside port. The suggestion this might be a viable population 
of this non-indigenous species is based on the individuals spanning a wide 
age distribution, with adults and many juveniles, at different locations 
throughout a 3 km stretch of the Tees Estuary. 

The most recent macrofaunal survey within the estuary was in 2019 
(Page et al. 2021). The resulting survey report contained no direct mention 
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of Y. limatula, but some bivalves were tentatively identified as “Yoldia cf. 
hyperborea” (along with individuals of another non-indigenous bivalve, 
Theora lubrica). It is possible that these were immature individuals of 
Yoldia limatula since identification is more difficult when dealing with 
underdeveloped individuals (Figure 3). While similar in outline, Y. hyperborea 
(A. Gould, 1841) has a distribution in Arctic seas, far north of the British 
Isles, under far cooler climatic conditions (Ockelmann 1954). A guide to 
separating these from Y. limatula and other native protobranch bivalve 
species is included in Table 2. 

Since these initial, potential records of Y. limatula in 2019, the species 
has so far only sporadically been recorded elsewhere in Europe: three 
individuals in Le Havre, northern France; three along the Belgian coast; 
and 19 in the south-western Netherlands of which 18 were in the Voordelta 
and one in the Western Scheldt. Using age-length keys inferred from Lewis 
et al. (1982) the continental European Y. limatula were considered adults 
of at least 4 years (Belgian individuals) or 1–2 years of age (Le Havre 
individuals); ranging 4.5–4.7 cm and 0.75–2.51 cm in length respectively 
(Dauvin et al. 2022). The age range of the Tees Estuary individuals (Table 1) 
is representative of a recruiting population, likely to have been present in 
the Tees for up to 4 years before sampling took place in 2020. 

The EUNIS habitat classification of the Tees Estuary (i.e., A5.334) 
matched that reported for Le Havre Harbour, where three live individuals 
were found (Dauvin et al. 2022). The composition of fine sediment was 
much higher (95.6–96.2% silt) in the Le Havre samples compared to that of 
the Tees Estuary samples (20.5–86.2%), and while detailed sediment analyses 
were not available from the Dutch or Belgian samples (Driessen et al. 2020; 
de Kisangani and Kerckhof 2020) they were reported from silty-sandy 
areas. This matches the sediment profile of their native range in North 
America: Maurer et al. (1974) recorded Y. limatula as abundant in shallow, 
stenohaline environments with “high silt-clay” content. Drew (1899) 
regarded them as a shallow water bivalve, and to date the records from 
Europe have all been found in less than 20 metres water depth. Thus, this 
deposit feeder may be restricted to euryhaline, muddy/silty sands commonly 
found in estuaries. 

Dauvin et al. (2022) proposed that the continental European populations 
could be the result of multiple introductions via ballast water, directly from 
North America, as was suggested for another American bivalve, Mulinia 
lateralis (Say, 1822) that has been found in high numbers off the Dutch coast 
(Craeymeersch et al. 2019). Port areas are often stressed environments that 
are readily colonised by alien species arriving via global traffic (Occhipinti-
Ambrogi and Savini 2003; Ferrario et al. 2017). For example, Y. limatula 
from Le Havre is just one of 75 NIS recorded in that harbour (Pezy et al. 
2021). There is heavy exchange of marine traffic between North Sea ports, 
and Teesport has been included in the highest category of shipping 
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intensity in the UK and identified as “high risk” for NIS introductions via 
international shipping (Tidbury et al. 2016). With such a large volume of 
traffic, an exchange of ballast water carrying bivalve larvae is likely (Keller 
et al. 2011). Yoldia limatula can reproduce multiple times in their lifetime 
(Lewis et al. 1982) with larvae observed to remain active in the plankton for 
up to 100 hours (under laboratory conditions) (Drew 1899); this raises the 
possibility that viable Y. limatula larvae could have been successfully 
transported in ballast water between a number of North Sea ports. 

Early detection of NIS is key to their effective management (Reaser et al. 
2020) so surveillance monitoring for this species in similar estuarine ports 
is recommended. While populations currently appear to be localised, 
control and even eradication might still be possible before this NIS has had 
opportunity to develop and spread (Guy and Roberts 2010). Management 
actions within the Tees should be expedited, particularly as a viable 
population has apparently become established within a Site of Special 
Scientific Interest and could start to influence sediment stability. 

Numerous studies on Y. limatula in eastern North America (Sanders 1960; 
Rhoads 1963; Rhoads and Young 1970) suggest the species is a major 
bioturbator, highly effective at reworking the top layers of sediment. For 
example, Davis (1993) observed the species had a substantial effect on 
sediment-water relationships by breaking up the cohesive structure of the 
sediment, increasing sediment-water content and increasing resuspension 
of particulate matter. Populations have been observed to modify the 
character of the substratum by transferring deeper sediments from 3–4 cm 
depth and expelling these, so decreasing stability and making sediments more 
susceptible to erosion (Rhoads 1963; Rhoads and Young 1970; Davis 1993). 
With some individuals able to rework up to eight times their body weight 
per hour (Bender and Davis 1984), this bivalve is a significant contributor 
to seabed bioturbation. In view of this, it is possible that if Y. limatula were 
to increase its population densities within the Tees Estuary, there could be 
indirect impacts on the structural and functional characteristics of the 
benthic habitat there, which could have implications for the designatory 
features of this SSSI. If this NIS, here shown to have established itself for at 
least 4 years in an SSSI, were to establish itself beyond the Tees Estuary, there 
might be similar implications for bioturbation and sediment re-working in 
wider UK waters or beyond, and there could be knock-on effects on sensitive 
benthic species and habitats. 

Identification in comparison to other protobranch species recorded in UK 
waters 

Yoldia limatula belongs to the ancient group of protobranch bivalves (Subclass 
Protobranchia). Members of this group are characterised by a shell with a 
taxodont hinge (with numerous small teeth and sockets), with an internal 
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ligament separating the two series of teeth; the animal has primitive gills 
with small feather-like structures situated posteriorly. Other protobranch 
bivalves with a similar appearance that could potentially be confused with 
Y. limatula are included in Table 2. Of these, Yoldia hyperborea has yet to 
be recorded in the UK but is included here given that a previous macrofauna 
survey (Page et al. 2021) reported “Y. cf. hyperborea.” The native shallow 
water species Nuculana minuta (O.F. Müller, 1776) has an overlapping 
geographic and bathymetric range but can be differentiated from Y. limatula 
by the clearly raised, fine concentric sculpture, and a more attenuated 
posterior rostrum. The second Nuculana species in the UK, Nuculana 
pernula (O.F. Müller, 1779) has the same attenuated posterior which separates 
it from Y. limatula but also the shell has much coarser raised concentric 
ribs which should immediately differentiate it from Y. limatula. Similar, 
smooth-sculptured genera of the closely related family Nuculanidae 
include Yoldiella, Portlandia and Ledella but these are much smaller and 
generally restricted to offshore waters of greater than 200 metres depth. 
Thus, Y. limatula is unlikely to be mistaken for other shallow coastal 
species, although this distinction only applies to fully grown individuals. 

Acknowledgements 
PB and GHE would like to thank the internal reviewers at the Centre for Environment Fisheries 
and Aquaculture Science (Cefas), particularly Stefan Bolam for assistance with an early draft. 
We would like to thank Paul McIlwaine (Cefas) for creating the map in Figure 1. PB was 
funded through the GIA 07 (DEFRA) project. GHE was supported by Innovate UK through the 
Horizon Europe Guarantee Scheme [project B-USEFUL]. JD would like to thank the survey 
team at Fugro GB Marine LTD for collecting the samples and Matthew Parsons for drawing our 
attention to an unusual bivalve in the samples. JD would also like to thank Jeremy Shottin and 
Andy Addleton (Fugro) for their assistance and support. 

Funding declaration 
Funding was provided by DEFRA project GIA 07 to support PB writing of the manuscript. Funding 
was provided by the Horizon Europe Guarantee Scheme [project B-USEFUL] to support GHE. 

Authors’ contribution 
PE and JD for conceptualisation, writing and editing; GHE for writing, editing and reviewing. 

References 
Backer H, Leppänen J-H, Brusendorff AC, Forsius K, Stankiewicz M, Mehtonen J, Pyhälä M, 

Laamanen M, Paulomäki H, Vlasov N, Haaranen T (2010) HELCOM Baltic Sea Action 
Plan - A regional programme of measures for the marine environment based on the 
Ecosystem Approach. Marine Pollution Bulletin 60: 642–649, https://doi.org/10.1016/j. 
marpolbul.2009.11.016 

Barfield P, Holmes A, Watson G, Rowe G (2018) First evidence of Arcuatula senhousia 
(Benson, 1842), the Asian date mussel in UK waters. Journal of Conchology 43(2): 217–222 

Bender K, Davis WR (1984) The effect of feeding by Yoldia limatula on bioturbation. Ophelia 
23: 91–100, https://doi.org/10.1080/00785236.1984.10426606 

Blott S (2010) GRADISTAT Version 8.0: A grain size distribution and statistics package for 
the analysis of unconsolidated sediment by sieving or laser granulometer. Kenneth Pye 
Associates, Berkshire, www.kpal.co.uk/gradistat.html 

Connor DW, Allen JA, Golding N, Howell KL, Lieberknecht LM, Northern KO, Reker JB 
(2004) The Marine Habitat Classification for Britain and Ireland. Version 04.05. Joint 
Nature Conservation Committee (JNCC), Peterborough, 49 pp 

Craeymeersch JA, Faasse MA, Gheerardyn H, Troost K, Nijland R, Engelberts A, Perdon KJ, 
van den Ende D, van Zwol J (2019) First records of the dwarf surf clam Mulinia lateralis 
(Say, 1822) in Europe. Marine Biodiversity Records 12: 5, https://doi.org/10.1186/s41200-019-0164-7 

https://doi.org/10.3391/bir.2024.13.1.06
https://www.invasivesnet.org
https://doi.org/10.1016/j.marpolbul.2009.11.016
https://doi.org/10.1016/j.marpolbul.2009.11.016
https://doi.org/10.1080/00785236.1984.10426606
http://www.kpal.co.uk/gradistat.html
https://doi.org/10.1186/s41200-019-0164-7


First record of Yoldia limatula in the United Kingdom

Barry et al. (2024), BioInvasions Records 13(1): 57–68, https://doi.org/10.3391/bir.2024.13.1.06 67 

Dall WH (1921) Summary of the Marine Shellbearing Mollusks of the Northwest Coast of 
America: From San Diego, California, to the Polar Sea, Mostly Contained in the Collection 
of the United States National Museum, with Illustrations of Hitherto Unfigured Species. No. 
112, 217 pp, https://doi.org/10.5479/si.03629236.112.i 

Dauvin JC, Gofas S, Raoux A, Bouchet VMP, Pavard JC, Pezy JP (2022) The American 
protobranch bivalve Yoldia limatula (Say, 1831) in European waters. BioInvasions Records 
11: 473–481, https://doi.org/10.3391/bir.2022.11.2.20 

Davis WR (1993) The role of bioturbation in sediment resuspension and its interaction with 
physical shearing. Journal of Experimental Marine Biology and Ecology 171: 187–200, 
https://doi.org/10.1016/0022-0981(93)90003-7 

DFO Fisheries and Oceans Canada (2013) Science advice from the national risk assessment for 
ballast water introductions of aquatic nonindigenous species to Canada. Canadian Science 
Advisory Secretariat Science Advisory Report 2013/064, 18 pp 

Drew GA (1899) The anatomy, habits and embryology of Yoldia limatula. Memoirs from the 
Biological Laboratory of the Johns Hopkins University. The Johns Hopkins Press, 
Baltimore, 74 pp, https://doi.org/10.5962/bhl.title.1461 

Fernández-Rodríguez I, López-Alonso R, Sánchez O, Suárez-Turienzo I, Gutiérrez-Martínez R, 
Arias A (2022) Detection and prevention of biological invasions in marinas and ports: 
Epibionts and associated fauna of Mytilus galloprovincialis revisited. Estuarine, Coastal 
and Shelf Science 274: 107943, https://doi.org/10.1016/j.ecss.2022.107943 

Ferrario J, Caronni S, Occhipinti-Ambrogi A, Marchini A (2017) Role of commercial harbours 
and recreational marinas in the spread of non-indigenous fouling species. Biofouling 33: 
651–660, https://doi.org/10.1080/08927014.2017.1351958 

Gollasch S, Kerckhof F, Craeymeersch J, Goulletquer P, Jensen K, Jelmert A, Minchin D 
(2015) Alien Species Alert: Ensis directus. Current status of invasions by the marine 
bivalve Ensis directus. ICES Cooperative Research Report (Vol. 323), 32 pp, https://doi.org/ 
10.17895/ices.pub.5491 

Guy C, Roberts D (2010) Can the spread of non-native oysters (Crassostrea gigas) at the early 
stages of population expansion be managed? Marine Pollution Bulletin 60: 1059–1064, 
https://doi.org/10.1016/j.marpolbul.2010.01.020 

Holmes AM, Oliver PG, Trewhella S, Hill R, Quigley DTG (2015) Trans-Atlantic rafting of 
inshore mollusca on macro-litter: American molluscs on British and Irish shores, new 
records. Journal of Conchology 42: 1–9 

Johnson CW (1934) List of marine mollusca of the Atlantic Coast from Labrador to Texas. 
Proceedings of the Boston Society of Natural History 40: 1–204 

Kakkonen JE, Worsfold TM, Ashelby CW, Taylor A, Beaton K (2019) The value of regular 
monitoring and diverse sampling techniques to assess aquatic non-native species: A case 
study from Orkney. Management of Biological Invasions 10: 46–79, https://doi.org/10.3391/ 
mbi.2019.10.1.04 

Keller RP, Drake JM, Drew MB, Lodge DM (2011) Linking environmental conditions and ship 
movements to estimate invasive species transport across the global shipping network. 
Diversity and Distributions 17: 93–102, https://doi.org/10.1111/j.1472-4642.2010.00696.x 

de Kisangani AF, Kerckhof F (2020) De gladde snavelneut Yoldia limatula (Say, 1831), een 
nieuwe geïntroduceerde soort in de Belgische mariene fauna. De Strandvlo 40(3): 88–93 

Lehtiniemi M, Ojaveer H, David M, Galil B, Gollasch S, McKenzie C, Minchin D, Occhipinti-
Ambrogi A, Olenin S, Pederson J (2015) Dose of truth - Monitoring marine non-indigenous 
species to serve legislative requirements. Marine Policy 54: 26–35, https://doi.org/10.1016/j. 
marpol.2014.12.015 

Lehtiniemi M, Outinen O, Puntila-Dodd R (2020) Citizen science provides added value in the 
monitoring for coastal non-indigenous species. Journal of Environmental Management 267: 
110608, https://doi.org/10.1016/j.jenvman.2020.110608 

Lewis JB, Saleh S, Reiswig HM, Lalli CM (1982) Growth, production and biomass of the 
burrowing protobranch mollusc Yoldia limatula in the Bideford River, Prince Edward 
Island, Canada. Marine Biology 70: 173–179, https://doi.org/10.1007/BF00397682 

Long D (2006) BGS detailed explanation of seabed sediment modified Folk classification. 
MESH (Mapping European Seabed Habitats), http://www.searchmesh.net/PDF/GMHM_Detailed_ 
explanation_of_seabed_sediment_classification.pdf 

Ma KCK, Simard N, Stewart-Clark SE, Bernier RY, Nareau M, Willis J (2016) Early detection 
of the non-indigenous colonial ascidian Diplosoma listerianum in eastern Canada and its 
implications for monitoring. Management of Biological Invasions 7: 365–374, https://doi.org/ 
10.3391/mbi.2016.7.4.06 

Mason C (2022) Particle Size Analysis (PSA) for supporting biological analysis. NMBAQC’s 
best practice guidance. NE Atlantic Marine Biological AQC Coordinating Committee, 84 pp 

Maurer D, Watling L, Aprill G (1974) The distribution and biology of common marine and 
estuarine pelecypods in the Delaware Bay area. The Nautilus 88: 39–46, https://doi.org/10. 
1016/0025-326X(74)90232-X 

Natural England (2019) Teesmouth and Cleveland Coast potential Special Protection Area (pSPA) 
and Proposed Ramsar Site (pRAMSAR). Report of Consultation by Natural England, 81 pp 

https://doi.org/10.3391/bir.2024.13.1.06
https://www.invasivesnet.org
https://doi.org/10.5479/si.03629236.112.i
https://doi.org/10.3391/bir.2022.11.2.20
https://doi.org/10.1016/0022-0981(93)90003-7
https://doi.org/10.5962/bhl.title.1461
https://doi.org/10.1016/j.ecss.2022.107943
https://doi.org/10.1080/08927014.2017.1351958
https://doi.org/10.17895/ices.pub.5491
https://doi.org/10.17895/ices.pub.5491
https://doi.org/10.1016/j.marpolbul.2010.01.020
https://doi.org/10.3391/mbi.2019.10.1.04
https://doi.org/10.3391/mbi.2019.10.1.04
https://doi.org/10.3391/mbi.2019.10.1.04
https://doi.org/10.3391/mbi.2019.10.1.04
https://doi.org/10.1111/j.1472-4642.2010.00696.x
https://doi.org/10.1016/j.marpol.2014.12.015
https://doi.org/10.1016/j.jenvman.2020.110608
https://doi.org/10.1007/BF00397682
https://doi.org/10.3391/mbi.2016.7.4.06
https://doi.org/10.3391/mbi.2016.7.4.06
https://doi.org/10.1016/0025-326X(74)90232-X
https://doi.org/10.1016/0025-326X(74)90232-X
https://doi.org/10.1016/j.marpol.2014.12.015


 First record of Yoldia limatula in the United Kingdom 

 Barry et al. (2024), BioInvasions Records 13(1): 57–68, https://doi.org/10.3391/bir.2024.13.1.06 68 

Occhipinti-Ambrogi A, Savini D (2003) Biological invasions as a component of global change 
in stressed marine ecosystems. Marine Pollution Bulletin 46: 542–551, https://doi.org/10. 
1016/S0025-326X(02)00363-6 

Ockelmann KW (1954) On the interrelationship and the zoogeography of northern species of 
Yoldia Möller, s. str. (Mollusca, Fam. Ledidae). Meddelelser Om Grønland 107: 1–32, 
https://doi.org/10.1109/T-AIEE.1950.5060110 

Page C, Highes B, Vural M (2021) South Bank Quay. Supplementary environmental information 
report. Tees Valley Combined Authority. PC1084-RHD-ZZ-XX-RP-Z-1115. Royal Haskoning 
DHV, 455 pp 

Pezy JP, Baffreau A, Raoux A, Rusig AM, Mussio I, Dauvin JC (2021) Non-indigenous species 
in marine and brackish waters along the Normandy coast. BioInvasions Records 10: 755–774, 
https://doi.org/10.3391/bir.2021.10.4.01 

Reaser JK, Burgiel SW, Kirkey J, Brantley KA, Veatch SD, Burgos-Rodríguez J (2020) The 
early detection of and rapid response (EDRR) to invasive species: a conceptual framework 
and federal capacities assessment. Biological Invasions 22: 1–19, https://doi.org/10.1007/ 
s10530-019-02156-w 

Rhoads DC (1963) Rates of sediment reworking by Yoldia limatula in Buzzards Bay, 
Massachusetts, and Long Island Sound. Journal of Sedimentary Petrology 33: 723–727, 
https://doi.org/10.1306/74D70F0B-2B21-11D7-8648000102C1865D 

Rhoads DC, Young DK (1970) The influence of deposit-feeding organisms on sediment stability 
and community trophic structure. Journal of Marine Research 28: 150–178, https://doi.org/ 
10.1357/002224020834162167 

Roy HE, Bacher S, Essl F, Adriaens T, Aldridge DC, Bishop JDD, Blackburn TM, Branquart E, 
Brodie J, Carboneras C, Cottier-Cook EJ, Copp GH, Dean HJ, Eilenberg E, Gallardo B, 
Garcia M, García-Berthou E, Genovesi P, Hulme PE, Kenis M, Kerckhof F, Kettunen M, 
Minchin D, Nentwig W, Nieto A, Pergl J, Pescott OL, Peyton JM, Preda C, Roques A, 
Rorke SL, Scalera R, Schindler S, Schönrogge K, Sewell J, Solarz W, Stewart AJA, 
Tricario E, Vanderhoeven S, van der Velde G, Vilà M, Wood CA, Zenetos A, Rabitsch, W 
(2018) Developing a list of invasive alien species likely to threaten biodiversity and 
ecosystems in the European Union. Global Change Biology 25: 1032–1048, https://doi.org/ 
10.1111/gcb.14527 

Sanders HE (1960) Benthic Studies in Buzzards Bay III. The structure of the soft-bottom community. 
Limnology and Oceanography 5: 138–153, https://doi.org/10.4319/lo.1960.5.2.0138 

Seebens H, Schwartz N, Schupp PJ, Blasius B (2016) Predicting the spread of marine species 
introduced by global shipping. Proceedings of the National Academy of Sciences 113: 
5646–5651, https://doi.org/10.1073/pnas.1524427113 

Tidbury HJ, Taylor NGH, Copp GH, Garnacho E, Stebbing PD (2016) Predicting and mapping 
the risk of introduction of marine non-indigenous species into Great Britain and Ireland. 
Biological Invasions 18: 3277–3292, https://doi.org/10.1007/s10530-016-1219-x 

Wentworth CK (1922) A scale of grade and class terms for clastic sediments. The Journal of 
Geology 30: 377–392, https://doi.org/10.1086/622910 

Worsfold TM, Hall DJ, O’Reilly M (2010) Guidelines for processing marine macrobenthic 
invertebrate samples: a Processing Requirements Protocol: Version 1.0, June 2010. 
Unicomarine Report to the NMBAQC Committee. National Marine Biological AQC 
Coordinating Committee, 33 pp, https://www.nmbaqcs.org/media/440n1nus/guide-for-processing-
marine-macrobenthic-invertebrate-samples.pdf 

Worsfold TM, Pennisi N, Ashelby CW (2020) Theora lubrica Gould, 1861 (Bivalvia: Semelidae), 
new to the UK, with notes on associated non-native species, and an earlier date of introduction 
for Arcuatula senhousia (Bivalvia: Mytilidae) to the UK. Journal of Conchology 43(6): 
665–674 

Web sites and online databases 

Driessen F, van Looijengoed W, de Bruyne R (2020) De Gladde snavelneut, een nieuwe 
tweekleppige in Nederland, https://www.naturetoday.com/intl/nl/naturereports/message/?msg=26297 
(accessed 7 December, 2022) 

Oliver PG, Holmes AM, Killeen IJ, Turner JA (2016) Marine Bivalve Shells of the British Isles. 
Amgueddfa Cymru - National Museum Wales. http://naturalhistory.museumwales.ac.uk/britishbivalves 
(accessed 7 December 2022) 

   
   

Supplementary material 

The following supplementary material is available for this article: 
Table S1. Sampling locations with physical characteristics and abundance of Yoldia limatula across the 19 sampling stations in the 
Tees Estuary, November 2020 (Page et al. 2021). 
This material is available as part of online article from: 
http://www.reabic.net/journals/bir/2024/Supplements/BIR_2024_Barry_etal_SupplementaryMaterial.pdf 

https://doi.org/10.3391/bir.2024.13.1.06
https://www.invasivesnet.org
https://doi.org/10.1016/S0025-326X(02)00363-6
https://doi.org/10.1016/S0025-326X(02)00363-6
https://doi.org/10.1109/T-AIEE.1950.5060110
https://doi.org/10.3391/bir.2021.10.4.01
https://doi.org/10.1007/s10530-019-02156-w
https://doi.org/10.1007/s10530-019-02156-w
https://doi.org/10.1306/74D70F0B-2B21-11D7-8648000102C1865D
https://doi.org/10.1357/002224020834162167
https://doi.org/10.1357/002224020834162167
https://doi.org/10.1111/gcb.14527
https://doi.org/10.1111/gcb.14527
https://doi.org/10.4319/lo.1960.5.2.0138
https://doi.org/10.1073/pnas.1524427113
https://doi.org/10.1007/s10530-016-1219-x
https://doi.org/10.1086/622910
https://www.nmbaqcs.org/media/440n1nus/guide-for-processing-marine-macrobenthic-invertebrate-samples.pdf
https://www.nmbaqcs.org/media/440n1nus/guide-for-processing-marine-macrobenthic-invertebrate-samples.pdf
https://www.naturetoday.com/intl/nl/naturereports/message/?msg=26297
http://naturalhistory.museumwales.ac.uk/britishbivalves
http://www.reabic.net/journals/bir/2024/Supplements/BIR_2024_Barry_etal_SupplementaryMaterial.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




